Efficient transgene insertion in a pseudorabies virus vector by CRISPR/Cas9 and marker rescue-enforced recombination.
For development of vectored vaccines against porcine pathogens the genome of the pseudorabies virus vaccine strain Bartha (PrV-Ba) was previously cloned as an infectious bacterial artificial chromosome (BAC), containing the bacterial replicon and a reporter gene cassette encoding enhanced green fluorescent protein (EGFP) at the nonessential glycoprotein G locus. To facilitate substitution of this insertion, this BAC was now modified by deletion of the adjacent promoter and initiation codon of the essential glycoprotein D (gD) gene of PrV-Ba. Furthermore, rabbit kidney (RK13) cells stably expressing Cas9 nuclease and an EGFP gene-specific guide RNA were prepared to induce site specific cleavage of the BAC DNA. After co-transfection of these cells with the modified BAC and recombination plasmids containing expression cassettes for new transgenes flanked by PrV DNA sequences including the intact 5'-end of the gD gene, >95% of the recombinants exhibited the desired gene substitutions, while no EGFP-expressing progeny virus was detectable. This approach was used for insertion and expression of the open reading frames E199L, CP204L (p30) and KP177R (p22) of African swine fever virus. The studies revealed that codon adaptation significantly enhanced expression of E199L, and that the chimeric CAG promoter increased transgene expression compared to cytomegalovirus immediate-early promoters.